Thallium(I) copper(I) thorium(IV) triselenide, TlCuThSe 3 , crystallizes with four formula units in the space group Cmcm in the KCuZrS 3 structure type. There is one crystallographically independent Th, Tl, and Cu atom at a site of symmetry 2/m.., m2m, and m2m, respectively. There are two crystallographically independent Se atoms at sites of symmetry m.. and m2m. The structure consists of sheets of edge-sharing ThSe 6 octahedra and CuSe 4 tetrahedra stacked parallel to the (010) face, separated by layers filled with chains of Tl running parallel to [100] . Each Tl is coordinated by a trigonal prism of Se atoms.
Related literature
For compounds of type AMM'Q 3 , see : Pell & Ibers (1996) ; Klepp & Gurtner (1996) for A = Tl; Pell et al. (1997) ; Yao et al. (2008) ; Wells et al. (2009) for M = Ag; Bugaris & Ibers (2009) for M = Au; Mansuetto et al. (1993) ; Pell & Ibers (1996) for M 0 = Ti; Mansuetto et al. (1992 Mansuetto et al. ( , 1993 ; Huang et al. (2001) ; Pell et al. (1997) for M 0 = Zr; Klepp & Sturmayr (1997 , 1998 ; Pell et al. (1997) : Gelato & Parthé (1987) . For additional synthetic details, see: Witt et al. (1956) .
Experimental
Crystal data The compound TlCuThSe 3 is of the type AMM′Q 3 , where A is an alkali metal or thallium, M is a coinage metal, M′ is a tetravalent group IV metal or an actinide, and Q is a chalcogen. Including the title compound, 39 such compounds are known (Pell & Ibers, 1996; Klepp & Gurtner, 1996; Pell et al., 1997; Yao et al., 2008; Wells et al., 2009; Bugaris & Ibers, 2009; Sutorik et al., 1996; Huang et al., 2001; Cody & Ibers, 1995; Mansuetto et al., 1993 Mansuetto et al., , 1992 Klepp & Sturmayr, 1997 , 1998 Seldy et al., 2005; Narducci & Ibers, 2000) . In all cases, crystallographic data have been collected on single crystals. Most often, the A site contains an alkali metal and only 6 Tl analogues are known (Pell & Ibers, 1996; Klepp & Gurtner, 1996) . The M site contains Cu in 28 analogues, Ag in 7 analogues (Pell et al., 1997; Yao et al., 2008; Wells et al., 2009) , and Au in 4 analogues (Bugaris & Ibers, 2009) . The tetravalent metal is most often U with 14 analogues (Yao et al., 2008; Sutorik et al., 1996; Bugaris & Ibers, 2009; Huang et al., 2001; Cody & Ibers, 1995) , followed by Zr with 9 analogues (Mansuetto et al., 1992 (Mansuetto et al., , 1993 Huang et al., 2001; Pell et al., 1997) , Hf with 5 analogues (Klepp & Sturmayr, 1997 , 1998 Pell et al., 1997) , Np with 5 analogues (Wells et al., 2009) , Th with 4 analogues (Seldy et al., 2005; Narducci & Ibers, 2000) , and Ti with 2 analogues (Mansuetto et al., 1993; Pell & Ibers, 1996) . This is the first compound of the type AMM′Q 3 to contain both Tl and Th.
The compounds fall into three structure types. All the Na analogues, except for NaCuZrS 3 , are of the NaCuTiS 3 type (space group Pnma) (Mansuetto et al., 1993; Klepp & Sturmayr, 1997) ; the compounds TlCuTiTe 3 and RbAgHfTe 3 are of the TlCuTiTe 3 type (space group P2 1 /m) (Pell & Ibers, 1996; Pell et al., 1997) ; and the remaining compounds are of the KCuZrS 3 type (space group Cmcm).
Interatomic distances in TlCuThSe 3 are listed in Table 1 and are nearly identical to those in the analogues ACuThSe 3 (A = K, Cs) (Narducci & Ibers, 2000) . The TlCuThSe 3 Th-Se distances of 2.8844 (4) and 2.9057 (5) Å match those in KCuThSe 3 (2.893 (1) and 2.900 (1) Å) and CsCuThSe 3 (2.878 (1) and 2.906 (1) Å). The Cu-Se distances of 2.4617 (11) and 2.5517 (11) Å also match those in KCuThSe 3 (2.459 (2) and 2.545 (2) Å) and CsCuThSe 3 (2.464 (2) and 2.556 (2) Å).
Cu (Aldrich, 99.5%), Tl 2 Se (Aldrich, 99.999%), and Se (Cerac, 99.999%) were used as received. Th chunks were powdered according to a literature procedure (Witt et al., 1956) . A fused-silica tube was loaded with Th (30 mg, 0.129 mmol), Cu (7.0 mg, 0.110 mmol), Tl 2 Se (36.6 mg, 0.075 mmol), and Se (20.4 mg, 0.258 mmol), evacuated to near 10 -4
Torr, flame sealed, and placed in a computer-controlled furnace. It was heated to 597 K in 3 h, kept at 597 K for 24 h, heated to 1073 K in 24 h, kept at 1073 K for 96 h, cooled to 597 K in 96 h, cooled to 547 in 24 h, and then rapidly cooled to 298 K in 3 h. The reaction produced orange-red plates of TlCuThSe 3 . The elemental composition of the crystals was determined to be Tl/Cu/Th/Se in an approximate ratio of 1/1/1/3 on an EDX-equipped Hitachi S-3400 SEM.
Refinement
The structure was standardized by means of the program STRUCTURE TIDY (Gelato & Parthé, 1987) . The highest peak ) is 1.96 Å from atom Se1.
Computing details
Data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009) Polyhedral view of TlCuThSe 3 showing sheets of edge-sharing ThSe 6 octahedra (black) and CuSe 4 tetrahedra (green) separated by voids filled with Tl (blue). The unit cell is outlined in red. (7) 0.0096 (7) 0.0060 (6) 0.000 0.000 0.000
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